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Introduction 

[001] The present teaching relates to methods and systems for associating 
information with carriers for supporting biological reagents. During the manufacture 
and use of biological reagents, the reagents are typically coded and labeled in order 
to keep track of them. Conventional systems use bar codes to identify carriers 
containing reagents to be processed by analytical instrumentation. Bar codes, 
however, require printing and application of a bar code label to carriers for the 
biological reagents. At some later time the bar code is read by either a hand-held 
bar code scanner or by an automated bar-code scanner controlled by the 
instrumentation to track the reagents as they are processed. 

[002] To read a label or a barcode, however, requires an optical path to the 
barcode, which can be inconvenient and problematic, for example if the indicia to be 
read are located inside of an instrument. In the past these problems have been 
addressed by forming windows in the instruments or carriers to provide an optical 
path to the labels. Such windows can complicate the design of instruments and 
carriers and depending on the configuration and design of a particular window, the 
optical path can be distorted, resulting in optical reading and scanning problems. 
Further reading problems can result from printing inconsistencies and any material 
that covers the bar code, such as frost in a refrigerator. 

[003] Further, if information needs to be added to a label associated with a 
particular sample, physical access is required to print the additional information to 
the label. Moreover, only a limited amount of information can be printed on a label 
associated with a carrier due to label space limitations. When using bar codes, 1-D 
and 2-D bar codes are limited as to how much information can be printed in a given 
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amount of space by the visual resolution between marks. Therefore, typically a 
printed carrier number or identifier is used as an index into a database of information 
regarding the carrier or the contents of the carrier. The database was typically 
provided on a separate CDROM or other removable machine-readable medium. 
However, it can be inconvenient to associate the information on particular CDROM 
with a particular carrier. 

[004] Vincogen Corporation of Trevose, Pennsylvania purports to have filed 
U.S. patent application no. 10/396,269, on using RFID technology in connection with 
biochips to provide an identifier number for such biochips. However, the Vincogen 
product fails to address the above-identified deficiencies of existing methods and 
systems. 

[005] Accordingly, systems and methods are needed that provide for the 
reading from and writing to carriers for biological reagents without requiring an 
optical path or direct physical access to the carriers. Moreover, there is need for 
storing greater amounts of information than can be written on a conventional label. 

SUMMARY 

[006] According to various embodiments, apparatus is provided for 
associating information with a biological reagent according to the present teachings. 
The apparatus can include a carrier for supporting the biological reagent and at least 
one RFID tag including a carrier RFID antenna coupled to the carrier, wherein the 
RFID tag is operable to be read by an RFID reader, and the RFID tag can include 
identification, supplemental, and/or rights information for the biological reagent. 
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[007] According to various embodiments, apparatus is provided for 
associating information with a microarray according to the present teachings. The 
apparatus can include a substrate; at least one chamber coupled to the microarray; 
and an RFID tag having an RFID antenna coupled to the substrate. 

[008] According to various embodiments, apparatus is provided for 
associating information with a biological reagent according to the present teachings. 
The apparatus can include a carrier for the biological reagent. The carrier is coupled 
to an RFID tag, and the RFID tag is operable to be read by an RFID reader. The 
RFID tag contains identification information. Further, an instrument is provided for 
reading the identification information, and performing operations on the biological 
reagent, the instrument including an output for providing an identity indication of the 
biological reagent based on the identification information. The instrument is 
generally opaque and blocks optical paths to contents of the instrument. 

[009] According to various embodiments, the present teachings involve 
methods for associating information regarding biological reagents with carriers for 
supporting the biological reagents. A carrier for the biological reagents is provided, 
and the carrier is coupled to an RFID tag so that the RFID tag can be read by an 
RFID reader. Identification, supplemental, and/or, rights information associated with 
the biological reagent is received from the RFID tag. 

[010] According to various embodiments, apparatus for associating 
information with a biological reagent is provided. The apparatus includes a carrier 
for supporting the biological reagent and an RFID tag including a carrier RFID 
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antenna coupled to the carrier. The RFID tag can be read by an RFID reader, and 
the RFID tag includes instrument operation information for the biological reagent. 

[01 1] According to various embodiments, a method for associating 
information regarding operations for biological reagents with carriers for supporting 
the biological reagents is provided. The method includes providing a carrier for at 
least one biological reagent, the carrier coupled to an RFID tag, which can be read 
by an RFID reader. The method also includes receiving, from the RFID tag, 
instrument operation information associated with the biological reagent. 

[012] It is understood that both the foregoing general description and the 
following description of various embodiments are exemplary and explanatory only 
and are not meant to be restrictive or to be read into the claims. The accompanying 
drawings, which are incorporated in and constitute a part of this specification, 
illustrate some embodiments, and together with the description serve to explain the 
principles of the embodiments described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[013] The skilled artisan will understand that the drawings, described 
below, are only intended for the illustration of various embodiments. The drawings 
are not intended to limit the scope of the present teachings in any way. 

[014] Figure 1 illustrates a perspective view from above a reaction plate 
having a plurality of reaction wells and various exemplary locations for RFID tags 
according to various embodiments; 
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[01 5] Figure 2 illustrates a perspective view from beneath a reaction plate 
having a plurality of reaction wells and various exemplary locations for RFID tags 
according to various embodiments; 

[016] Figure 3 illustrates a tube in connection with various exemplary 
locations for RFID tags according to various embodiments; 

[01 7] Figure 4 illustrates an embodiment of an empty tube carrier in 
connection with various exemplary locations for RFID tags according to various 
embodiments; 

[01 8] Figure 5 illustrates a tube carrier containing a plurality of tubes in 
connection with various exemplary locations for RFID tags according to various 
embodiments; 

[019] Figure 6 illustrates an exemplary embodiment of a surface plasmon 
resonance (SPR) array in connection with various exemplary locations for RFID tags 
according to various embodiments; 

[020] Figure 7 illustrates another exemplary embodiment of a reaction plate 
in connection with various exemplary locations for RFID tags according to various 
embodiments; 

[021] Figure 8 illustrates an exemplary embodiment of a microfluidic card in 
connection with various exemplary locations for RFID tags according to various 
embodiments; 

[022] Figure 9 illustrates an exemplary embodiment of a microarray 
cartridge in connection with various exemplary locations for RFID tags according to 
various embodiments; 
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[023] Figure 10 illustrates an exemplary embodiment of a microarray in 
connection with various exemplary locations for RFID tags according to various 
embodiments; 

[024] Figure 1 1 illustrates an exemplary embodiment of an on-line 
biological instrument system according to various embodiments; 

[025] Figure 12 illustrates an exemplary embodiment of an RFID writing 
apparatus according to various embodiments; and 

[026] Figure 13 illustrates an exemplary embodiment of RFID tag tracking 
systems according to various embodiments. 

DESCRIPTION OF VARIOUS EMBODIMENTS 

[027] Reference will now be made in detail to some embodiments, 
examples of which are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used throughout the drawings to refer to 
the same or like parts. 

[028] Radio Frequency Identification ("RFID") provides a convenient 
mechanism for identifying and detecting objects using wireless electro-magnetic 
signals. A basic RFID system has at least one RFID reader and at least one RFID 
tag. Typically, RFID readers can include a coil or antenna and circuitry to transmit 
and receive signals with the coil or antenna. An RFID tag also includes a coil or 
antenna and some information that can be read by an RFID reader. 

[029] The RFID reader antenna generates an electromagnetic field, thereby 
transferring energy to the tag. Depending on the design of the tag, a portion of the 
energy transferred to the tag will be reflected to the reader so as to provide 
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information about the tag back to the reader. Some RFID systems can be used to 
read and optionally write data to and from the RFID tag. RFID readers can generate 
signals spanning distances from less than one inch to more than 100 feet depending 
on frequency and power of the signals generated at the RFID reader antenna. 

[030] Typically, RFID tags are categorized as either active or passive. 
Active RFID tags are powered by an internal battery and are typically read/write, i.e., 
tag data can be rewritten and/or modified. An active tag's memory size varies 
according to application requirements; some systems operate with up to 1MB of 
memory. 

[031] Passive RFID tags operate without a separate external power source 
and obtain operating power generated from the reader. Passive tags are 
consequently typically lighter than active tags, less expensive, and offer a long 
operational lifetime. Passive tags typically have shorter read ranges than active tags 
and require a higher-powered reader. Read-only tags are typically passive and are 
can be programmed with a unique set of data (usually 32 to 128 bits) that is typically 
predetermined at the time of manufacture of the tag. It is understood that passive 
read/write tags can also be employed consistent with the present teachings. 

[032] The term "RFID tag" as used herein refers to either an active or passive 
RFID tag that contains information. The RFID tag can be read only or read/write, and 
the information associated with the RFID tag can be hard-coded into the RFID tag at 
the time of manufacture or at some later time, or the RFID tag can contain information 
that is written to the RFID tag throughout its lifetime. 
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[033] The term "RFID reader" as used herein includes RFID devices that can 
read information from and/or write information into an RFID tag. 

[034] The term "carrier" as used herein refers to a structure for directly or 
indirectly supporting a biological reagent. Examples of carriers include reaction plates, 
tubes, tube carriers, surface plasmon resonance arrays, slides, conical low-volume 
tubes, microfluidic cards, microarray cartridges, microarrays, and other types of 
containers for supporting biological reagents. 

[035] The term "biological reagent" as used herein refers to a biological 
material used for various biological analyses such as detecting, examining, and/or 
measuring information from biological samples. Biological analyses can include 
reactions such as polymerase chain reaction (PCR), ligase chain reaction, antibody 
binding reaction, oligonucleotide ligation assays, and hybridization assays. Examples 
of biological reagents include nucleic acids, primers, probes, and other biological 
reagents, which can be used in performing various biological assays. "Nucleic acid" as 
used herein refers to nucleotides, oligonucleotides, DNA, RNA, PNA, etc. as these 
terms are understood by those skilled in the art of genomics. 

[036] The term "information" as used herein refers to data that can be stored 
electronically in the RFID tag and can be retrieved to be used as machine readable or 
human readable data for processing the biological reagent and/or carrier. 

[037] The term "identification information" as used herein refers to information 
on an RFID tag that can be used to uniquely identify a particular carrier or biological 
reagent or to distinguish the carrier or biological reagent from other carriers or 
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biological reagents. For example, identification can relate a particular assay prepared 
for a particular customer. 

[038] The term "supplemental information" as used herein refers to 
descriptive information about a carrier or its contents, including certain biological 
reagents. Examples of supplemental information include nucleic acid sequence 
information and annotated information regarding experiments performed with various 
biological reagents. 

[039] The term "rights information" as used herein refers to authorization 
information for carriers or biological reagents, such as information regarding whether a 
particular licensee has a valid license to use a particular carrier or biological reagent, 
including a number of times the licensee is permitted to use the particular carrier or 
biological reagent in a particular assay. Rights information can also include validation 
information regarding whether a particular carrier or biological reagent has been 
subject to a recall or has otherwise become unsuitable or unauthorized for use. 

[040] The term "genealogy information" as used herein refers to information 
regarding the derivation of a biological reagent, including for example an identification 
of an original sample from which it was derived or the number of generations removed 
it is from an original sample. 

[041] The term "traveler information" as used herein refers to information 
regarding a carrier or a biological reagent contained as operations are performed on 
that carrier or biological reagent for example during manufacture of the biological 
reagent or while an assay is being performed on the biological reagent. 
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[042] Figure 1 illustrates a perspective view from above of a reaction plate 
100 having a plurality of reaction wells 102 and exemplary locations 110, 112, 114, 
and 120 for RFID tags. It is understood that exemplary location 1 10 for the RFID 
tag, for example, can be positioned on the exterior of the reaction plate 100 in any 
convenient location that will permit appropriate antenna geometry and accommodate 
the necessary passive or active RFID circuitry necessary for proper operation of the 
RFID tag. For example, RFID tags 110 and 112 are shown as boxes placed in the 
margins of the reaction plate 1 10 on an upper surface 116 of the reaction plate 100. 
Adhesive application of an RFID tag to the surface 1 16 of the reaction plate 100 can 
advantageously permit standard consumables, such as reaction plate 100 to be 
manufactured and/or acquired independently from the RFID tags. Alternatively, 
RFID tag 120, illustrated in broken lines, can be embedded in the reaction plate 100, 
for example during a plastic injection molding or a blow molding manufacturing 
process. Trays and microcards are typically constructed of polypropylene so as to 
be compatible with PCR thermal cycling. Other carriers that provide transport 
containers as opposed to reaction containers can be made of harder plastics e.g. 
Lexan ® (General Electric). Figure 1 illustrates a 96-well reaction plate. As 
illustrated in Figure 7, other reaction plates such as 386-well reaction plates are 
contemplated by the present teachings. 

[043] Figure 2 illustrates an underside perspective view of the reaction 
plate 100 showing the undersides 204 of a plurality of reaction wells and at least one 
RFID tag 202 affixed to an underside portion of the reaction plate. As shown in 
Figure 2, the RFID tags can be placed on the underside of the carrier as shown in 
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connection with RFID tags 202 and 206, which are shown to be applied to the 
surface 216 of the reaction plate 100. Alternatively, an RFID tag 208 can be applied 
to a side surface of the reaction plate 100. As set forth in connection with Figure 1 , 
in various embodiments, the RFID tags can, for example, be adhesively applied to 
consumables, such as on the reaction plate 100. However, the RFID tags can also 
be embedded in the body of the consumables, for example during a plastic injection 
molding or a blow molding manufacturing process. To facilitate a transition from 
barcodes to RFID, both barcodes (not shown) and RFID tags can be present on 
consumables consistent with the present teachings, such as the reaction plate 100. 

[044] According to various embodiments, the reaction plates contain 
biological reagents such as nucleic acid materials, primers, and probes, which are 
used in connection with various biological assays to determine, for example a 
genetic sequence of a particular sample. In various embodiments, separate RFID 
tags on the plate are associated with groups of wells within the reaction plate. In 
other embodiments, an RFID tag is associated with a single well in the reaction plate 
100. In other embodiments, a single RFID tag is associated with the entire reaction 
plate, with the RFID tag containing information regarding each of the wells and the 
contents and history of the contents of each of the well. In such embodiments, a 
read/write RFID tag containing a substantial amount of memory can include, for 
example, identification, supplemental, and/or rights information about the contents of 
the wells 102 (of Figure 1). 

[045] Figure 3 illustrates a tube 300 having RFID tags positioned in 
alternative configurations on the tube 300. The tubes can have a conical internal 
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volume to provide pipette access to small volumes. In various embodiments, the 
tubes bear both human-readable and/or machine-readable indicia regarding the 
contents of the tube and/or barcodes in addition to an RFID tag. In various 
embodiments, the RFID tag is adhesively applied to outer surface 306 of the tube 
300 in connection with a label for providing optically-accessible indicia. In various 
embodiments, RFID tags are provided in the form of printable labels containing an 
RFID tag integral with the label. The RFID tags can also be affixed to or embedded 
in a bottom portion of the tube, as shown by RFID tag 304 in Figure 3. Tubes can 
store nucleic acids for assays designed for a particular customer or for a particular 
assay. 

[046] Figure 4 illustrates an embodiment of an empty tube carrier having an 
RFID positioned at various locations. Tube carriers such as tube carrier 400 are 
advantageously used to organize and transport a plurality of the tubes 300 
containing biological materials. Lid 402 and tube carrier base 404 are used to 
protect and/or to store the tubes 300 during manufacturing, storage, transportation, 
and usage phases of the lifecycle of the biological materials supported by the tubes 
300. In various embodiments, RFID tags in or on the tubes contain information 
regarding nucleic acid samples, primers, or probes contained in each of the tubes. 
In such embodiments information regarding the genetic sequences of the nucleic 
acids, for example, are stored in the RFID tags. Further, annotated information 
regarding the biological reagents can be stored in the RFID tags, for example, 
information regarding results of experiments already performed with the biological 
reagents. 
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[047] According to various embodiments, no read/write RFID tag is directly 
coupled to a particular tube. Rather, the tube bears a simplified RFID tag or optical 
indicia that provides, for example, row and column information for the tube's position 
in the tube carrier 400. Then, for example, information regarding the contents of 
tubes can be stored in a more complex RFID tag that is affixed to or embedded into 
the tube carrier 400, either at the lid 402 or at the carrier base 404. Alternatively, 
additional information can be stored on a CDROM or other removable medium and 
associated with each tube, for example, based on a unique identifier on the RFID tag 
associated with the tube or tube carrier. The additional information can also be 
provided in an encrypted on-line database, as further set forth in connection with 
Figure 11. 

[048] Exemplary RFID tag positions are illustrated in connection with Figure 
4. An RFID tag 408 can be applied to a surface of the lid 402. Alternatively, an 
RFID tag 406 can be applied to a surface of the tube carrier base 404. Still 
alternatively, the RFID tag 410 can be embedded into a portion of the tube carrier 
400 during a manufacturing process of the tube carrier 400. It is understood that the 
positions of the RFID tags 406, 408, and 410 are exemplary any not inclusive and 
that a single or multiple RFID tags can be affixed to or embedded into various 
portions of the tube carrier 400 without departing from the present teachings. 

[049] Figure 5 illustrates a tube carrier containing a plurality of tubes having 
associated individual RFID tags and at least one RFID tag on the tube carrier; In 
various embodiments, as shown in Figure 5, tube carriers, such as the tube carrier 
400 can contain a plurality of the tubes 300. In these various embodiments, 
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information regarding the contents of the tubes, including, for example nucleic acid 
sequence information, and other annotated information is stored in an RFID tag 
either affixed to or embedded into each of the tubes 300 or in an RFID tag that is 
affixed to or embedded into the tube carrier 400. 

[050] According to various embodiments, the tube carrier 400 can contain a 
simplified RFID tag containing only an identifier number, which is cross-referenced 
to a table that contains information on the contents of particular the tubes 300 in the 
particular tube carrier 400. In various embodiments, the lookup table information is 
provided on removable, machine-readable media, such as CDROM. In various 
other embodiments, the lookup table information is provided in the form of a 
network-accessible, on-line database. In various ones of these embodiments, the 
lookup table information is encrypted either in an off-line CDROM-type form or in an 
on-line form. 

[051] According to various embodiments, authentication and/or decryption 
information can be stored in the RFID tag or tags on or in the tubes 300 and/or the 
tube carrier 400. It is understood that any type of digital authentication and/or 
cryptography system can be employed to provide access to and decryption for the 
on-line or off-line data associated with the biological contents of the carriers without 
departing from the scope of the present teachings. 

[052] Figure 6 illustrates an exemplary embodiment of an SPR array 600 
with exemplary RFID tags 604 and 602. The SPR array 600 contains ports 606 that 
are used to inject a biological reagent into the SPR array. In various embodiments, 
RFID tags 602 and 604 facilitate the association of information with biological 
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reagents used in connection with the SPR array 600. For example, read/write RFID 
tag 602 can contain information regarding the biological sample injected into the 
SPR array. The RFID tag 602 can also be written to by an instrument that is used to 
detect the results of an assay conducted on the biological reagent that is injected 
into the SPR array. The RFID tag can further store information regarding locations 
and patterns of particular nucleic acid spots in the SPR array. 

[053] As described above in connection with other consumables, the RFID 
tags 602 and 604 can be affixed to an outer surface of the SPR array 600 (as shown 
with RFID tag 602) or embedded in the SPR array during manufacture (as shown 
with RFID 604). In various embodiments the SPR array is constructed from a 
standard glass slide which has a layer of gold deposited to an underside surface of 
the slide, and the RFID tag is adhesively applied to an upper surface 610 of the 
glass slide. 

[054] Figure 7 illustrates another exemplary embodiment of a reaction plate 
700 with at least one associated RFID tag. As described in connection with Figures 
1 and 2, reaction plates such as the reaction plate 700 can be coupled to an RFID 
tag to facilitate the association of information with the biological contents of the 
reaction plate. For example, an RFID tag 702 can be applied to an exterior surface 
of the reaction plate 700, or an RFID tag 704 can be embedded within a portion of 
the reaction plate. Any reaction plate with 8, 16, 24, 48, 96 (Figure 1), 386 (Figure 
7), etc. is contemplated by the present teachings. 

[055] Figure 8 illustrates an exemplary embodiment of a microfluidic card 
800 having at least one associated RFID tag. The microfluidic card 800 provides an 
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array containing multiple chambers 814 for testing various biological reagents on 
many different primer and probe sets thereby, for example, eliminating labor- 
intensive pipetting steps. In connection with the microfluidic card 800, biological 
reagents can be injected into the card via inlet ports 810 through channels 812 into 
the clambers 814. 

[056] According to various embodiments, information regarding the 
contents of the chambers and/or the contents loaded into the card can be provided. 
Accordingly, RFID tags consistent with the present teachings are affixed to a surface 
of a portion of the microfluidic card 800 for example on surface 804 as shown in 
connection with RFID tag 806. The RFID tag 808 is shown as being embedded into 
a portion of the microfluidic card 800. It is understood that the RFID tag can be 
affixed to or embedded in other portions of the card, such as the supporting lid 
portion 802, which has a plurality of apertures, through which the chambers 814 can 
be observed by an instrument to determine the results of an assay performed in 
connection with the microfluidic card 800. The RFID tag 806 can include information 
regarding specific assays preloaded into the microfluidic card. Further, the RFID tag 
806 can include information regarding samples injected into the card, which is 
written to the RFID tag as the samples are being injected into the card. 

[057] Figure 9 illustrates an exemplary embodiment of a microarray 
cartridge 900 with at least one associated RFID tag. The microarray cartridge 902 is 
provided to facilitate the protection and loading of a microarray on microarray slide 
1000 as illustrated in Figure 10. In various embodiments, the microarray cartridge 
900 is substantially opaque which does not allow for the optical reading of 
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information from the microarray slide 1000. However, consistent with the present 
teachings, RFID tag information can be read regarding the contents of the 
microarray slide 1000 even absent an optical path in the microarray cartridge 900. 
Additionally, information regarding the microarray contained within the microarray 
cartridge 900 can be stored in RFID tag 904, which can be affixed to an outer 
surface 902 of the microarray cartridge 900. In various embodiments, the RFID tag 
906 can be embedded in a wall portion of the microarray cartridge 900. 

[058] Figure 1 0 illustrates an exemplary embodiment of the microarray 
slide 1000 having at least one RFID tag associated with the microarray 1010. RFID 
tags 1006 and 1008 are shown as alternatively being embedded in substrate 1004 
or as being affixed to an outer surface portion of the substrate 1004. It is understood 
that RFID tags can be positioned in any convenient configuration on the microarray 
slide 1000, including, for example along an outer periphery of the microarray slide 
1000, along an outer periphery of the gasket 1002 positioned around microarray 
1010 or on an underside surface of the substrate 1004 without departing from the 
scope of the present teachings. 

[059] According to various embodiments, information can be stored in RFID 
tags associated with any of the above-described consumables that can be useful, for 
example, in the transportation of the biological reagents. For example, in connection 
with the importation and/or exportation of biological reagents, biological reagent 
content information and country of origin information can be provided consistent with 
the present teachings. National customs agencies typically require the provision of 
such country of origin information during import and/or export of various biological 
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reagents. It is understood that the provision of such information by way of an RFID 
reader interface would drastically expedite the provision to customs authorities of, for 
example, country of origin information for various biological reagents. 

[060] According to various embodiments, Material Safety Data Sheet 
(MSDS) information can be stored in the RFID tags and read at any time during the 
lifecycle of the biological reagent while it is contained in or supported by a carrier 
consistent with the present teachings. 

[061] According to various embodiments, the information stored in the 
RFID tags associated with the biological reagents can include traveler information 
that is written to the RFID tag at various stages or steps along the course of a 
biological assay. In various embodiments, genealogy data is read and used during 
the course of an assay. 

[062] According to various embodiments, biological samples or reagents 
that are provided in the carriers described above are licensed separately from 
instruments designed to operate on the biological reagents. In various embodiments 
the instruments are coupled to a network (see e.g. Figure 1 1) that allows the 
instruments to communicate over public and private networks with computer 
systems that are operated by or on behalf of the producers and/or licensors of the 
biological reagents. In various embodiments, reagent licenses can provide for the 
use of licensed biological reagents for a particular biological analysis on only 
licensed instruments. In various embodiments, instrument licenses can provide for 
the use of licensed instruments to carry out a particular biological analysis with only 
licensed reagents. Accordingly, an instrument can authenticate a biological 
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reagents based on, for example, a digital signature contained in the RFID tag 
associated with a particular consumable, if a particular user has a valid license. IN 
various embodiments, the RFID tags can also be programmed to provide a one time 
use such that biological reagents cannot be refilled with for use with the same 
authentication. 

[063] According to various embodiments, when an RFID tag is read by an 
instrument that has access to a data network that includes a connection to 
information regarding biological reagent recall information, the instrument can 
perform a database lookup to determine whether the biological reagent has been 
subject to a recall. The recall information and an optional last recall check date 
and/or timestamp can be written to the RFID tag. In various embodiments, a recall 
database lookup is performed each time before a biological reagent is utilized in an 
assay or other test such as, for example a clinical diagnostic procedure. 

[064] According to various embodiments, external displays are provided to 
display information regarding the biological reagent contents of a consumable when 
the biological reagent is inside of an instrument or other container, such as a 
refrigerator. For example when a microarray is contained within its microarray 
cartridge, an RFID reader can read the identification information from the microarray 
and display it on a human readable interface, such as a computer terminal, LCD, or 
other type of display. 

[065] Figure 1 1 illustrates an exemplary embodiment of an on-line 
biological instrument system 1 100 consistent with the present teachings. In various 
embodiments, a general purpose computer 1110 serves a function of controlling an 
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instrument 1 106 as it performs operations on biological reagents supported by 
carriers 1 108. RFID tags 1 109 that are affixed on or embedded into the carriers 
1 108 can be read by and/or written to by the RFID reader 1 107. In various 
embodiments, the RFID reader 1107 can read identification information from the 
RFID tag 1 109 to identify the biological reagent being supported by the carrier 1 108 
at particular points in time. In various embodiments, identifying descriptions, such 
as the name or work number associated with the biological reagent can be displayed 
on the monitor of the general purpose computer 1110. In various other 
embodiments, the identifying descriptions can be provided on a display (not shown) 
that is externally connected to the instrument 1 106. 

[066] Via a network connection 1 105, the instrument 1 106, and/or the 
general purpose computer 1110 can be connected to a public or private network, 
such as internet 1 104. It is understood that any networking technology can be 
employed without departing from the present teachings, including wired and wireless 
networking technologies. It is also understood that, in various embodiments, the 
network connection associated with the instrument 1 106 can emanate from the 
instrument 1 106 as shown or from the general purpose computer 1110. 

[067] By employing a network connection, the instrument 1 1 06 and/or its 
associated general purpose computer 1110 can remotely access databases 1 120, 
1 1 30, 1 1 40, and 1 1 50 via remote network connections 1 1 03. In various 
embodiments, information contained in the databases 1120, 1130, 1140, and 1150 
can be written to the RFID tag 1209 as set forth below in connection with Figure 12. 
In various embodiments, the database 1120 can include identification information. 
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In various embodiments, the database 1130 can include supplemental information, 
such as annotated information regarding a biological reagent. In various 
embodiments, the database 1 140, can include rights information, which as set forth 
above can be used to authenticate or validate the biological reagent and/or 
determine the validity of licenses associated with the biological reagent. In various 
embodiments, databases 1 140 can include information used to check for any 
product recalls associated with the biological reagent. In various embodiments, the 
database 1 150 can contain information regarding instrument operations. In various 
embodiments, connections to the databases are encrypted for privacy. In various 
embodiments, the contents of the databases 1120, 1130, 1140, and 1150 are 
encrypted for confidentiality and to facilitate access control to the information 
contained in the databases 1120, 1130, 1140, and 1150. 

[068] According to various embodiments, the instrument 1 106 includes 
instrument hardware, instrument firmware, instrument data acquisition and control 
software, and method or module data. In various embodiments, the instrument 
hardware includes electronic control and data processing circuitry, such as a 
microprocessor or microcontroller, memory, and non-volatile storage. In various 
embodiments, the instrument hardware also includes physical devices to manipulate 
biological reagents such as robotics and sample pumps. In various embodiments, 
the instrument firmware includes low-level, computer-readable instructions for 
carrying out basic operations in connection with the instrument hardware. In various 
embodiments, the instrument firmware includes microprocessor instructions for 
initializing operations on a microprocessor in the instrument hardware. 
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[069] According to various embodiments, the instrument data acquisition 
and control software is higher-level software that interfaces with the instrument 
firmware to control the instrument hardware for more specific operations such as 
operating a charge coupled device (CCD) to acquire visual luminescence 
information regarding a particular biological analysis. In various embodiments the 
data acquisition and control software includes a software-implemented state 
machine providing, for example, the following states: (i) idle; (ii) running; (iii) 
paused; and (iv) error. In various embodiments, when the state machine is in the 
idle state, it can receive an instruction from the general purpose machine 1 1 10 to 
perform a particular data acquisition or instrument control operation. In various 
embodiments, the general purpose computer 1110 opens a TCP/IP socket 
connection to the instrument 1 106, determines whether the instrument 1 106 is in the 
idle state and then begins transmitting instructions and/or parameters. In various 
embodiments, an encrypted TCP/IP connection is established, using, for example, 
the SSH protocol. The instructions and/or parameters can be in the form of ASCII 
encoded, human readable module and/or method information that defines the 
behavior of the biological instrument. In various embodiments, the modules and/or 
methods are stored in the form of ASCII text files. In various embodiments, the 
general purpose computer 1110 uses the FTP protocol to transfer the ASCII text 
files to the instrument 1 106. In various other embodiments the method and/or 
module information is stored in and read from the RFID tag 1 109. The method 
and/or module information can be stored in the form of an ASCII text file in the RFID 
tag 1 109, but it is understood that the information can be represented in other data 
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formats without departing from the present teachings. In various embodiments, 
methods and module information is stored in a relational database, such as those 
available from the Oracle Corporation of Redwood Shores, California. 

[070] According to various embodiments, the module, macro, and/or 
method information includes parameters that can be used by the instrument data 
acquisition and control software to perform specific data acquisition and instrument 
control operations. In various embodiments, the method and/or module information 
contains sequences of operations to be performed by the instrument or control 
parameters for use in connection with the data acquisition or control software. 

[071] Figure 12 illustrates an exemplary embodiment of an RFID writing 
apparatus 1200 consistent with the present teachings. RFID carrier 1 108 is shown 
with an associated read/write capable RFID tag 1209. In various embodiments, an 
RFID reader 1202, having RFID read and write capabilities and antenna 1204, is 
coupled to the databases 1 120, 1 130, 1 140, and 1 150 including identification, 
supplemental, rights, and instrument operation information respectively. In this 
configuration any combination of identification, supplemental, rights, and/or 
instrument operation information can be written to the RFID tag 1209 consistent with 
the present teachings. 

[072] Figure 1 3 illustrates an exemplary embodiment of RFID tag tracking 
systems 1300 consistent with the present teachings. A warehouse 1306 or 
manufacturing facility includes one or more RFID readers 1308, which can be used 
to read RFID tags on carriers such as carrier 1 108 as the carriers move throughout 
the warehouse 1306 or manufacturing facility. The RFID readers 1308 can be used 
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for inventory control and to provide real-time product location information. In various 
embodiments an instrument 1106 can perform operations on a biological reagent 
being supported by the carrier 1 108, while the RFID reader 1308 provides general 
location information regarding a location of the carrier 1 108. Moreover, the external 
RFID reader 1304 can read from and/or write information into the RFID tag 1 109. In 
various embodiments, external, hand-held RFID readers such as the RFID reader 
1304 can be used to write to or read information from the RFID tags 1 109. 
According to various embodiments, obtaining the real-time physical location 
coordinates of a carrier can be achieved by receiving GPS coordinates from a GPS 
receiver physically coupled to the carrier. 

[073] The section headings used herein are for organizational purposes 
only and are not to be construed as limiting the subject matter described in any way. 

[074] All literature and similar materials cited in this application, including 
but not limited to, patents, patent applications, articles, books, treatises, and internet 
web pages, regardless of the format of such literature and similar materials, are 
expressly incorporated by reference in their entirety for any purpose. 

[075] While the present teachings are described in conjunction with various 
embodiments, it is not intended that the present teachings be limited to such 
embodiments. On the contrary, the present teachings encompass various 
alternatives, modifications, and equivalents, as will be appreciated by those of skill in 
the art. 
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